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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
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FRQVHTXHQFHV WR WKRVH ORZSUREDELOLW\KLJKYXOQHUDEOH UHJLRQVGXH WR WKHLU ODFNRI DZDUHQHVV DQGSUHSDUDWLRQ IRU
VHLVPLFKD]DUGV6HYHUDOVWXGLHVLQGLFDWHWKDWSXEOLFSROLFLHVIRUHDUWKTXDNHULVNPLWLJDWLRQFRPPRQO\IDLOLQWKRVH
DUHDV DV D UHVXOW RI WKH ODFN RI WKRURXJKO\ VHLVPLF ULVN HVWLPDWLRQ DZDUHQHVV LQ WKH JHQHUDO SXEOLF DQG XQFOHDU
HFRQRPLFGULYHUVIRUVHLVPLFPLWLJDWLRQSODQV>@

$ VXEVWDQWLDO DPRXQW RI UHVHDUFKHV KDYH IRFXVHG RQ ORVV DVVHVVPHQW IRU KLJK VHLVPLF UHJLRQV )RU LQVWDQFH
.LUFKHUHWDO>@HVWLPDWHVEXLOGLQJGDPDJHDQGKXPDQORVVGXHWRDUHSHDWRIWKH6DQ)UDQFLVFRHDUWKTXDNH
XVLQJ+$=86VRIWZDUHSDFNDJH$OVRE\RSHUDWLQJ+$=866FKPLGWOHLQHWDO>@H[DPLQHVWKHVSDWLDOFRUUHODWLRQ
EHWZHHQVRFLDOYXOQHUDELOLW\DQGSRWHQWLDOHDUWKTXDNHORVVHVXQGHUGLIIHULQJHDUWKTXDNHVFHQDULRVLQ6RXWK&DUROLQD
7KHVHVWXGLHVDGGUHVVRQWKHVHLVPLFORVVDVVHVVPHQWIRUWKRVHDUHDVZKLFKDUHLGHQWLILHGDVKLJKO\VHLVPLFDFWLYHRU
KDYH KLVWRULFDO RFFXUUHQFHV RIPDMRU HDUWKTXDNHV2Q WKH RWKHU KDQG DOWKRXJK ORVV DVVHVVPHQW LQ WKH DUHDVZLWK
LQIUHTXHQW GDPDJLQJ HDUWKTXDNHV VWDUWV WR JUDE DWWHQWLRQ WKHUH DUH FRPSDUDWLYHO\ IHZ VWXGLHV DGGUHVVLQJ WKLV
VLJQLILFDQW LVVXH 7DQWDOD HW DO >@ LQYHVWLJDWHV WKH SRWHQWLDO KLJK VHLVPLF ULVN RI 1HZ <RUN &LW\ GXH WR LWV
WUHPHQGRXVDVVHWVDQGYXOQHUDELOLW\RILWVVWUXFWXUHVZKLFKZHUHQRWVHLVPLFDOO\GHVLJQHGDVVWURQJDVPRVWLQWKH
:HVW&RDVW5HPRDQG3LQWHU>@FRPSDUHVWKHUHVXOWRIORVVHVWLPDWLRQIURP+$=86WRWKHGDPDJHVXUYH\VIRU
WKH0W&DUPHO,OOLQRLVHDUWKTXDNHDQGILQGVWKDWWKH+$=86RYHUHVWLPDWHGWKHORVVHVIURPWKHVXUYH\V5HLQ
DQG&RURWLV >@DVVHVVSRWHQWLDOFRQVHTXHQFHVRIPDMRUHDUWKTXDNHV IRU WKH'HQYHU5HJLRQ LQ WKH86ZKLFK LV
SUHVHQWHGDV D FDVHRI WKH VHLVPLFYXOQHUDELOLW\RI DQDUHD WKDW LVQRWJHQHUDOO\FRQVLGHUHG VHLVPLFDOO\DFWLYHDQG
ILQGVRXWWKDWSRWHQWLDOORVVHVGXHWRHDUWKTXDNHVZRXOGEHDPSOLILHGDVDUHVXOWRIWKHORZSUHSDUDWLRQRISXEOLFDQG
SHUFHSWLRQRISHRSOHIRUHDUWKTXDNHULVN,QVXPDIRUHPHQWLRQHGUHVHDUFKHVDOOVKRZWKHSRWHQWLDOKLJKULVNLQDORZ
VHLVPLFLW\UHJLRQGXHWRLWVYXOQHUDELOLW\RQEXLOWHQYLURQPHQWDQGVRFLDOHFRQRPLF

7KLV DUWLFOH SUHVHQWV D PHWKRGRORJ\ IRU LQYHVWLJDWLQJ WKH HFRQRPLF IHDVLELOLW\ RI WKH EXLOGLQJ UHWURILW WR WKH
SRUWIROLRVRIEXLOGLQJVE\PHDQVRIEHQHILWFRVWDQDO\VLVRIWKHVWUXFWXUDOLQWHUYHQWLRQ7KHSDUWLFXODUREMHFWLYHVRI
WKLVVWXG\DUHWRDVVHVVWKHVHLVPLFULVNVZLWKEXLOGLQJDQGGHPRJUDSK\SDUDPHWHUVDQGFDVXDOW\UDWHVZKLFKFDQ
IXOO\ UHSUHVHQW WKH FKDUDFWHULVWLF RI ORFDO EXLOW HQYLURQPHQW  WR FDOFXODWH WKH EHQHILWFRVW UDWLR RI WKH VHLVPLF
PLWLJDWLRQ DFWLYLWLHV DQG  WR YHULI\ WKH DSSOLFDELOLW\ RI WKH SUHVHQW PHWKRGRORJ\ E\ D FDVH VWXG\ 7KLV VWXG\
LQWHQGV WR SURYLGH SXEOLF GHFLVLRQPDNHUV D VWDQGDUGL]HGPHWKRGRORJ\ IRU MXVWLI\LQJ WKH HFRQRPLF IHDVLELOLW\ RI
VHLVPLFULVNPLWLJDWLRQDOWHUQDWLYHVVRWKDWDFRVWHIILFLHQWSXEOLFHDUWKTXDNHPLWLJDWLRQVWUDWHJ\FDQEHDFKLHYHG
%DFNJURXQG
$SSO\LQJWKHIUDPHZRUNRIWKHFDWDVWURSKHULVNPRGHODEDVLFVHLVPLFULVNDVVHVVPHQWPRGHOFDQEHFRPSULVHG
E\IRXUPRGXOHVKD]DUGPRGXOHFKDUDFWHUL]LQJKD]DUGVLQDV\VWHPDWULVNWREHLQYHVWLJDWHG,Q WKLVVWXG\D
JURXQGPRWLRQ KD]DUG LV GHILQHG E\ LWV ORFDWLRQPDJQLWXGH DQG IUHTXHQF\ RI RFFXUUHQFH  LQYHQWRU\PRGXOH
FROOHFWLQJ GDWD RI JHRORJLFDO FKDUDFWHULVWLFV VXFK DV VLWH HIIHFWV DQG VRLO DWWHQXDWLRQ IRU FDOFXODWLQJ ORFDO VHLVPLF
LQWHQVLW\ DQG GDWD RI EXLOW HQYLURQPHQW VXFK DV RFFXSDQF\ W\SHV DQG EXLOGLQJ VWUXFWXUDO W\SHV  YXOQHUDELOLW\
PRGXOH FDOFXODWLQJ VRFLDO DQG SK\VLFDO YXOQHUDELOLW\ RI EXLOW HQYLURQPHQW H[SRVHG WR KD]DUG 7KH VRFLDO
YXOQHUDELOLW\JHQHUDOO\LQFOXGHVVRFLDOHFRQRPLFLQIRUPDWLRQOLNHLQFRPHHWKQLFLW\DJHRURZQHUVKLSRISURSHUW\
7KH LQIRUPDWLRQ RI VRFLDO YXOQHUDELOLW\ LV WKHPDLQ IDFWRU LQ HVWLPDWLQJ WKH QXPEHU RI GLVSODFHG KRXVHKROG DQG
WHPSRUDU\VKHOWHUVDIWHUHDUWKTXDNHV3K\VLFDOYXOQHUDELOLW\LVXVXDOO\GHILQHGE\WKHIUDJLOLW\FXUYHRIDVWUXFWXUH
ZKLFK GHWHUPLQHV WKH H[SHFWHG EXLOGLQJ GDPDJH LQ D SDUWLFXODU OHYHO RI VHLVPLF LQWHQVLW\ DQG  ORVV PRGXOH
HYDOXDWLQJ WKH ORVV WR WKH LQYHQWRU\ E\ LQWHUSUHWLQJ LWV FRUUHVSRQGLQJ YXOQHUDELOLW\ WR WKH KD]DUG /RVVHV
FKDUDFWHUL]HGDVGLUHFWRULQGLUHFWFDQWKHQEHDVVHVVHGLQWHUPVRIVRFLDOHFRQRPLFDQGHQYLURQPHQWDOORVVHV

6HYHUDOULVNDVVHVVPHQWPHWKRGRORJLHVKDYHEHHQGHYHORSHGEDVHGRQWKHW\SLFDOVHLVPLFULVNDVVHVVPHQWPRGHO
.RUNPD] >@ SURYLGHG ORVVHV DVVHVVPHQW PRGHOV IRU ORQJWHUP GLVDVWHU PDQDJHPHQW FRQVLGHULQJ SUREDELOLVWLF
VHLVPLFKD]DUGV$OVRGLIIHUHQWPHWKRGRORJLHVDQGIUDPHZRUNVIRUVHLVPLFORVVHVWLPDWLRQKDYHEHHQGHYHORSHGDQG
XVHGWRFRQGXFWDEHQHILWFRVWDQDO\VLVIRUGLIIHUHQWVHLVPLFUHWURILWDOWHUQDWLYHV>@,QDGGLWLRQYDULRXVVHLVPLF
ORVV DVVHVVPHQW PRGHOV KDYH EHHQ ZLGHO\ DGRSWHG LQ HVWLPDWLQJ WKH SUREDEOH PD[LPXP ORVV E\ H[FHHGDQFH
SUREDELOLW\ FXUYHV IRU DVVLVWLQJ LQVXUHUV RU UHLQVXUHUV LQ SULFLQJ WKH LQVXUDQFH SROLFLHV ([DPSOHV RI VXFK VWXGLHV
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LQFOXGH >@+RZHYHU WKH FRPSOLFDWHGPDWKHPDWLFDO IRUPXODV DQG ODUJH QXPEHU RI YDULDEOHVPDNH WKHVH  ORVV
DVVHVVPHQWPRGHOVGLIILFXOWWREHXQGHUVWRRGDQGRSHUDWHGE\DZLGHUDQJHRIVWDNHKROGHUV0RUHRYHUWKHQDWXUHRI
WKHLUQRQVWDQGDUGL]HGDQGSURSULHWDU\FRGHVRXUFHSUHYHQWVRWKHUXVHUVIURPPRGLI\LQJWKHPRGHOVDFFRUGLQJO\IRU
WKHLUVSHFLILFQHHGV

&RUUHVSRQGLQJO\DQXPEHURIVWDQGDUGL]HGVRIWZDUHSDFNDJHVKDYHEHHQGHYHORSHGZLWKIULHQGO\XVHULQWHUIDFH
DQGRSHQVRXUFHGDWDEDVH0RVWRI WKHPDOVRXWLOL]H*HRJUDSKLF,QIRUPDWLRQ6\VWHPLQSUHVHQWLQJWKHJHRJUDSKLF
GLVWULEXWLRQ RI ORVVHV IRU DQDO\VLQJ SDUWLFXODU LVVXHV OLNH HPHUJHQF\ IDFLOLWLHV OD\RXW ([DPSOHV LQFOXGH 7DLZDQ
(DUWKTXDNH/RVV(VWLPDWLRQ6\VWHPGHYHORSHGE\<HKHWDO>@LVGHVLJQHGWRHVWLPDWHWKHORVVHVXQGHUGLIIHUHQW
HDUWKTXDNHVFHQDULRVPRUHRYHUWKHPRGXOHRI(DUO\6HLVPLF/RVV(VWLPDWLRQRIWKLVSURJUDPFDQREWDLQUHDOWLPH
HVWLPDWHV RI VHLVPLF KD]DUGV DQG ORVVHV VRRQ DIWHU WKH RFFXUUHQFH RI HDUWKTXDNHV .2(5,/RVV D 7XUNLVKEDVHG
VHLVPLFORVVDVVHVVPHQWSURJUDPGHYHORSHGE\'HSDUWPHQWRI(DUWKTXDNH(QJLQHHULQJRI%RJD]LFL8QLYHUVLW\FDQ
DOVR HVWLPDWH WKH ORVVHV E\ HDUWKTXDNH KD]DUGV >@ (DUWKTXDNH /RVV (VWLPDWLRQ 5RXWLQH LV D (XURSHDQEDVHG
VRIWZDUHSDFNDJHIRUUDSLGHVWLPDWLRQRIHDUWKTXDNHVKDNLQJDQGORVVHVWKURXJKRXWWKH(XUR0HGLWHUUDQHDQUHJLRQ
GHYHORSHGXQGHUWKH-RLQW5HVHDUFK3URMHFWHQWLWOHG1HWZRUNRI5HVHDUFK,QIUDVWUXFWXUHVIRU(XURSHDQ6HLVPRORJ\
>@$OWKRXJKKDYLQJ WKHPHULWRIEHLQJVWDQGDUGL]HGDQGVWUDLJKWIRUZDUG WKHVHUHJLRQDOEDVHGVRIWZDUHSDFNDJHV
KDYHQRWEHHQZLGHO\YDOLGDWHGIRUWKHLUDSSOLFDELOLW\WRLQWHUQDWLRQDOVHWWLQJDQGWKXVWKHLQWHUQDWLRQDODGDSWLRQRI
WKHVHORFDOEDVHGWRROVLVVWLOOXQGHUDTXHVWLRQPDUN
0HWKRGRORJ\
3.1. Benefit-Cost Analysis 
,GHDOO\ LQ RUGHU WR SURWHFW SURSHUWLHV DQG OLYHV DOO WKRVH EXLOGLQJV ZKLFK DUH FRQVLGHUHG WR EH YXOQHUDEOH WR
VHLVPLFKD]DUGVKRXOGEHVWUXFWXUDOO\VWUHQJWKHQHGWRSUHYHQWWKHPIURPVHYHUHGDPDJHLQHDUWKTXDNHV+RZHYHULW
PD\QRWEHVXFKDVLPSOHGHFLVLRQEHFDXVHIRUWKHSXUSRVHRIWKHPRVWHIIHFWLYHPHDQVRIOLPLWUHVRXUFHVEXLOGLQJ
UHWURILWLVQRWDOZD\VHFRQRPLFDOO\MXVWLILHGLQVRPHFDVHV)RUWKLVUHDVRQ%HQHILW&RVW$QDO\VLV%&$FDQVHUYH
DVDVWUDLJKWIRUZDUGDQGV\VWHPDWLFWRROIRUSXEOLFDQGSULYDWHVHFWRUVWRSHUIRUPDORQJWHUPHFRQRPLFDQDO\VLVLQ
HYDOXDWLQJWKHWUDGHRIIEHWZHHQVDIHW\DQGLQYHVWPHQW LQULVNPLWLJDWLRQDOWHUQDWLYHV6P\WKHWDO >@SURYLGHGD
GHWDLOHGGHVFULSWLRQWRWKHSURFHGXUHVRI%&$IRUVHLVPLFPLWLJDWLRQDFWLYLWLHVLQFOXGLQJILYHVWHSVVSHFLI\WKH
QDWXUHRISUREOHPLQFOXGLQJWKHVWDNHKROGHUVDOWHUQDWLYHRSWLRQVDQGWKHVWDWXVTXRZKLFKFDQVHUYHDVDUHIHUHQFH
SRLQW IRU HYDOXDWLQJ WKH SHUIRUPDQFH RI VWUXFWXUDO LQWHUYHQWLRQV  GHWHUPLQH WKH GLUHFW DQG LQGLUHFW FRVW RI WKH
PLWLJDWLRQDOWHUQDWLYHVGHWHUPLQHWKHEHQHILWVRIPLWLJDWLRQDOWHUQDWLYHVLQFOXGLQJWKHGLUHFWEHQHILWVXFKDVWKH
UHGXFWLRQ RI SK\VLFDO GDPDJH DQG WKH LQGLUHFW RQHV VXFK DV WKH VDYH LQ WKH FRVW IRU GLVSODFHG KRXVHKROGV 
FDOFXODWH WKH DWWUDFWLYHQHVV RI WKH PLWLJDWLRQ DOWHUQDWLYHV XVLQJ DSSURSULDWH GLVFRXQW UDWH WR FRPSDUH FRVW RI
PLWLJDWLRQ DOWHUQDWLYHV WR UHGXFWLRQ LQ ORVV RYHU D VWUXFWXUH¶V OLIHWLPH WKRXJK%HQHILW&RVW 5DWLR %&5 DQG 
FKRRVHWKHEHVWDOWHUQDWLYHLQWHUPVRIWKHKLJKHVW%&57RHIILFLHQWO\DFKLHYHDFRVWHIILFLHQWHDUWKTXDNHPLWLJDWLRQ
VWUDWHJ\ IRU SXEOLF GHFLVLRQ PDNHUV D VWUDLJKWIRUZDUG ULVNEDVHG PHWKRGRORJ\ IRU HYDOXDWLQJ WKH HFRQRPLF
IHDVLELOLW\RIVWUXFWXUDOUHWURILWLVLPSRUWDQW)RUWKLVUHDVRQ%&$KDYHEHHQZLGHO\DGRSWHGIRUWKHHYDOXDWLRQRIWKH
HFRQRPLF IHDVLELOLW\ RI SXEOLF LQYHVWPHQW LQ VHLVPLFPLWLJDWLRQPHDVXUHV RI  XSJUDGHRI VHLVPLF GHVLJQ FRGH
>@  UHWURILWRIEULGJHV >@ DQG  UHWURILWRIROGFRQFUHWH IUDPHEXLOGLQJV LQ&DOLIRUQLD86 >@ H[LVWLQJ
YXOQHUDEOHEXLOGLQJVLQ7XUNH\>@LQ*UHHFH>@LQ&KLQD>@DQGLQDEURDGVFDOHRIIRXUWHHQ/DWLQ$PHULFDQ
FRXQWULHV>@

)ROORZLQJWKHDIRUHPHQWLRQHGSURFHGXUHLQWKHFDVHRIVHLVPLFPLWLJDWLRQDQDO\VLVIRUDSXEOLFVHFWRUWKHFRVWV
LQFOXGHWKHH[SHQGLWXUHIRUUHWURILWRUUHSODFHPHQWRIEXLOGLQJVDQGWKHEHQHILWVFRPHIURPWKHUHGXFWLRQRQWKHULVNV
RI FDVXDOWLHV DQG GDPDJH RI WKRVH EXLOGLQJV ZKLFK DUH VWUXFWXUDOO\ LPSURYHG E\ UHWURILW RU UHFRQVWUXFWLRQ
&RQVLGHULQJ WKDW WKH EHQHILWV RI PLWLJDWLRQ DFWLRQV ZRXOG EH UHDOL]HG DW VRPH SRLQWV LQ WKH IXWXUH ZLWK DYHUDJH
DQQXDOSUREDELOLWLHVRIRFFXUUHQFH >@ WKHH[SHFWHGDQQXDOEHQH¿WVDUHFRQVWDQW LQHDFK\HDURYHU WKH OLIHWLPHRI
EXLOGLQJV,QWKLVUHJDUGWKHIXWXUHEHQHILWVDUHGLVFRXQWHGWRSUHVHQWYDOXHVIRUFRPSDULVRQZLWKWKHXSIURQWFRVWV
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RI PLWLJDWLRQ DOWHUQDWLYHV 7KH H[SHFWHG DQQXDO EHQH¿WV RI D PLWLJDWLRQ DFWLRQ TEAB  XVLQJ (T  DUH WKH
VXPPDWLRQRIWKHH[SHFWHGDQQXDOEHQHILWVGXHWRWKHUHGXFWLRQRQGLUHFWHFRQRPLFORVV EEAB DQGWKHEHQHILWVGXH
WRUHGXFHGIDWDOLWLHV FEAB 7KHEHQHILWVLQEHKDOIRIUHGXFHGGLUHFWHFRQRPLFORVV EEAB DUHFDOFXODWHGXVLQJ(T
IURP WKHGLIIHUHQFH LQH[SHFWHGDQQXDO HFRQRPLF ORVVHV IRUPLWLJDWHGEXLOGLQJV REALE DQG WKHRULJLQDOEXLOGLQJV
OEALE  6LPLODUO\ WKH EHQHILWV DVVRFLDWHGZLWK UHGXFHG IDWDOLW\ ORVV FEAB DUH FDOFXODWHG XVLQJ (T  IURP WKH
GLIIHUHQFHLQH[SHFWHGDQQXDOIDWDOLW\ORVVHVIRUPLWLJDWHGEXLOGLQJV REALF DQGWKHRULJLQDOEXLOGLQJV OEALF 

T E FEAB EAB EAB= +          
E O REAB EALE EALE= +          
F O REAB EALF EALF= +          

7KHEHQHILWVLQSUHVHQWPRQHWDU\YDOXH [ ]TE B RYHUDWLPHKRUL]RQT DUHFDOFXODWHGXVLQJ(TZLWKGLVFRXQW
UDWH pr  7KH EHQHILWFRVW UDWLRV BCR DUH REWDLQHG XVLQJ (T  E\ GLYLGLQJ WKH H[SHFWHG EHQHILWV [ ]TE B E\ WKH
UHGXFHG FRVW RI PLWLJDWLRQ ZKLFK LV WKH XSIURQW FRVW RI PLWLJDWLRQ OC PLQXV SUHVHQW VDOYDJHG YDOXH RI WKH
UHWURILWWHGRU UHEXLOW EXLOGLQJV SV ZKLFK FRQVLGHUV WKH LQFUHDVH LQ WKHYDOXHRI WKH UHWURILWWHGRU UHEXLOW EXLOGLQJV
:KHQ WKH BCR LV JUHDWHU WKDQ RQH LW LV HFRQRPLFDOO\ MXVWLILHG RI WKH LQYHVWPHQW LQ WKH GHVLJQHG SUHHDUWKTXDNH
VWUXFWXUDOLQWHUYHQWLRQWRDEXLOGLQJVWRFN

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4.1. Building damage and economic losses 
)LYH FDWHJRULHV DUH GHILQHG LQ +$=86 IRU EXLOGLQJ GDPDJH QR GDPDJH VOLJKW PRGHUDWH H[WHQVLYH DQG
FRPSOHWH7KHQXPEHURIGDPDJHGEXLOGLQJVLVFRQYHUWHGIURPWKHSUREDELOLW\RIGDPDJHWRWKHEXLOGLQJVIRUHDFK
EXLOGLQJW\SH$QDO\VLQJWKHQXPEHURIGDPDJHGEXLOGLQJVRIXQUHLQIRUFHGPDVRQU\IRUVFHQDULRV-RUGDQ0Z
DQG-RUGDQ0ZDVGHSLFWHGLQ)LJDQGRI850EXLOGLQJVDUHGDPDJHGUHVSHFWLYHO\DVH[SHFWHG
WKDW850LVUHFRJQL]HGDVRQHRIEXLOGLQJW\SHVZKLFKLVPRVWVHLVPLFDOO\YXOQHUDEOH>@)RUFRQFUHWHIUDPHDV
GHSLFWHG LQ )LJ   DQG  DUH GDPDJHG XQGHU VFHQDULRV RI 0Z DQG 0Z UHVSHFWLYHO\ +HUH ZH
LQYHVWLJDWHWKHYXOQHUDELOLW\RIDEXLOGLQJW\SHZLWKLWVEXLOW\HDUE\PHDVXULQJWKHSHUFHQWDJHRIGDPDJHGEXLOGLQJV
ZLWKDVVRFLDWHGEXLOW\HDUWRWKHWRWDOQXPEHURIEXLOGLQJVIRUHDFKEXLOGLQJW\SH$VGHSLFWHGLQ)LJWKHEXLOGLQJV
EXLOWEHIRUHDFFRXQWIRUPRVWGDPDJHGEXLOGLQJVIRUERWKFRQFUHWHIUDPHDQG850DQGRI850
EXLOWEHIRUHDUHHVWLPDWHG WREHFROODSVHXQGHUVFHQDULRVRI0ZDQG0ZUHVSHFWLYHO\)RUFRQFUHWH
IUDPHDQGDUHGDPDJHGXQGHUVFHQDULRVRI0ZDQG0ZUHVSHFWLYHO\,WFDQEHREVHUYHGWKDWWKH
YXOQHUDELOLW\RI DEXLOGLQJ W\SH LV LQFUHDVHGDORQJZLWK WKHDJHVRI WKHEXLOGLQJ ,Q WKLV VWXG\ WKHHFRQRPLF ORVV
FRQVLGHUVERWKWKHORVVGXHWRGLUHFWSK\VLFDOGDPDJHRIVWUXFWXUDOFRPSRQHQWVUHSUHVHQWHGE\UHSDLUFRVWDQGWKH
ORVVFRPHVIURPGDPDJHGFRQWHQWV7KHHFRQRPLFORVVHVXQGHUVFHQDULRVRI0ZDQG0ZDUH
DQGUHVSHFWLYHO\
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4.2. Benefit-Cost Analysis of building retrofit 
:HH[DPLQHWKHEHQHILWFRVWUDWLRRIUHWURILWWLQJDOOFRQFUHWHIUDPHV&)DQGXQUHLQIRUFHGPDVRQU\ZDOO850
EXLOGLQJVZKLFKZHUHEXLOWEHIRUHWRWKHOHYHORIVHLVPLFSHUIRUPDQFHRIPRGHUQEXLOGLQJVGHVLJQHGEDVHGRQ
WKH ,VUDHO6WDQGDUG7DEOH VXPPDUL]HV WKH UHVXOWRIEHQHILWFRVW DQDO\VLVXQGHU WKH -RUGDQ VFHQDULR$V
VKRZQLQ7DEOHFDVXDOW\ORVVHVDUHUHGXFHGE\VWUXFWXUDOUHWURILW6LQFHWKHEXLOGLQJVEXLOWEHIRUHDUHPRVW
YHQHUDEOH WR HDUWKTXDNH WKH FDVXDOW\ ORVVHV RI WKHVH EXLOGLQJV DUH VLJQLILFDQW UHGXFHG E\ XSJUDGLQJ VHLVPLF
SHUIRUPDQFH7KHEHQHILWFRVWUDWLRVIRUERWK&)DQG850EXLOWEHIRUHDUHDQGUHVSHFWLYHO\LQRWKHU
ZRUGVUHWURILWPLWLJDWLRQVWUDWHJLHVDUHHFRQRPLFDOO\IHDVLEOH2QWKHRWKHUKDQGWKHEHQHILWFRVWUDWLRVRI&)DQG
850EXLOWEHWZHHQDQGDUHDQGUHVSHFWLYHO\7KHUHDVRQIRUWKHUHODWLYHO\VPDOOHU%&5LVWKDW
WKHEHQHILWVRIKXPDQOLYHDYRLGHGDUHQRWVLJQLILFDQWVLQFHWKHVHEXLOGLQJVDUHFRQVLGHUHGSDUWLDOO\UHVLVWDQWWRWKH
HDUWKTXDNHV,WLVWKHUHIRUHFRQFOXGHWKDWWKHLQYHVWPHQWLQUHWURILWWLQJWKHEXLOGLQJVEXLOWEHWZHHQDQGLV
QRWHFRQRPLFDOO\MXVWLILHG

 
)LJ%XLOGLQJGDPDJHVIRUGLIIHUHQWEXLOGLQJW\SHVLQJLYHQHDUWKTXDNHVFHQDULRV

 
)LJ%XLOGLQJGDPDJHIRUGLIIHUHQWEXLOGLQJW\SHVZLWKDVVRFLDWHGEXLOW\HDULQJLYHQHDUWKTXDNHVFHQDULRV

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7DEOH%HQHILW&RVWDQDO\VLVLQ-RUGDQVFHQDULR
%XLOGLQJW\SH
EXLOW\HDU
%HQHILWIURPHFRQRPLF
ORVVHVDYRLGHGPLOOLRQ
/LYHVDYHG
7RWDOEHQHILW
PLOOLRQ
&RVWRIUHWURILW
PLOOLRQ
BCR 
&)     
&)     
850     
850     
&RQFOXVLRQ
7KLV VWXG\ ILUVW LQYHVWLJDWHV WKH DWWULEXWHV RI ORFDO EXLOW HQYLURQPHQW IRU VHLVPLF ULVN DVVHVVPHQW LQFOXGLQJ
EXLOGLQJ VWRFN GHPRJUDSKLF GDWD DQG FDVXDOW\ UDWHV RI FRQFUHWH IUDPH DQG XQUHLQIRUFHGPDVRQU\ZDOO EXLOGLQJV
$GRSWLQJ+$=86 VRIWZDUHZH H[DPLQHV WKH HFRQRPLF IHDVLELOLW\ RI VHLVPLF UHWURILWWLQJ IRU ERWK EXLOGLQJVEXLOW
EHIRUHDQGEHWZHHQDQGZKLFKGRQRWFRPSO\ZLWKPRGHUQ,VUDHOVHLVPLFGHVLJQFRGHODXQFKHGLQ
7KHEHQHILWVRIUHWURILWWLQJWKRVHVHLVPLFYDOXDEOHEXLOGLQJVDUHPHDVXUHGLQWHUPVRIUHGXFWLRQVLQHFRQRPLF
DQG FDVXDOW\ ORVVHV LQ IXWXUH HDUWKTXDNHV 7KH UHVXOW VKRZV WKDW UHWURILWWLQJ WKH EXLOGLQJV EXLOW EHIRUH  LV
HFRQRPLFDOO\MXVWLILHGDVDUHVXOWRIVLJQLILFDQWQXPEHURIVDYHGKXPDQOLYH2QWKHRWKHUKDQGVLQFHWKHEXLOGLQJV
EXLOWEHWZHHQDQGKROG VWULQJHU VHLVPLFUHVLVWDQFH DQG WKXVDFFRXQW IRU IHZHU FDVXDOW\ ORVV VWUXFWXUDO
PLWLJDWLRQDFWLYLWLHVDUHQRWHFRQRPLFDOO\IHDVLEOHIRUWKHVHEXLOGLQJV7KLVVWXG\SURYLGHVSXEOLFGHFLVLRQPDNHUVD
VWDQGDUGL]HGPHWKRGRORJ\ IRU MXVWLI\LQJ WKH HFRQRPLF IHDVLELOLW\ RI VHLVPLF ULVNPLWLJDWLRQ DOWHUQDWLYHV VR WKDW D
FRVWHIILFLHQWSXEOLFHDUWKTXDNHPLWLJDWLRQVWUDWHJ\FDQEHDFKLHYHG
5HIHUHQFHV
>@%RVWURP$)UHQFK63DQG*RWWOLHE6-5LVN$VVHVVPHQW0RGHOLQJDQG'HFLVLRQ6XSSRUW6WUDWHJLF'LUHFWLRQV6SULQJHU
>@%R\OX0$%HQHILW&RVW$QDO\VLV)RU7KH6HLVPLF5HKDELOLWDWLRQ2Q([LVWLQJ5HLQIRUFHG&RQFUHWH%XLOGLQJVLQø]PLUø]PLU
,QVWLWXWHRI7HFKQRORJ\ø]PLU
>@(UGLN0)DKMDQ<2]HO2$OFLN+0HUW$DQG*XO0,VWDQEXOHDUWKTXDNHUDSLGUHVSRQVHDQGWKHHDUO\ZDUQLQJV\VWHP
Bulletin of Earthquake Engineering,9RO1RSS
>@)(0$$%HQHILW±&RVW0RGHOIRUWKH6HLVPLF5HKDELOLWDWLRQRI%XLOGLQJV)(0$)HGHUDO(PHUJHQF\0DQDJHPHQW$JHQF\
%XLOGLQJ6HLVPLF6DIHW\&RXQFLO:DVKLQJWRQ'&
>@+DQFLODU87X]XQ&<HQLGRJDQ&DQG(UGLN0(/(5VRIWZDUHDQHZWRROIRUXUEDQHDUWKTXDNHORVVDVVHVVPHQWNatural
Hazards and Earth System Sciences,9ROSS
>@+VX:.&KLDQJ:/;XH4+XQJ'0+XDQJ3&&KHQ&:DQG7VDL&+$SUREDELOLVWLFDSSURDFKIRU
HDUWKTXDNHULVNDVVHVVPHQWEDVHGRQDQHQJLQHHULQJLQVXUDQFHSRUWIROLRNatural Hazards,9RO1RSS
>@+VX:.+XQJ'0&KLDQJ:7VHQJ&DQG7VDL&&DWDVWURSKHULVNPRGHOLQJDQGDSSOLFDWLRQULVNDVVHVVPHQWIRU7DLZDQ
UHVLGHQWLDOHDUWKTXDNHLQVXUDQFHSRROLQThe 17th IASTED international conference on modelling and simulationSS
>@.DSSRV$-DQG'LPLWUDNRSRXORV()HDVLELOLW\RISUHHDUWKTXDNHVWUHQJWKHQLQJRIEXLOGLQJVEDVHGRQFRVWEHQHILWDQGOLIHF\FOH
FRVWDQDO\VLVZLWKWKHDLGRIIUDJLOLW\FXUYHVNatural Hazards,9RO1RSS
>@.LUFKHU&$6HOLJVRQ+$%RXDELG-DQG0RUURZ*&:KHQWKH6WULNHV$JDLQ(VWLPDWHG/RVVHVGXHWRD5HSHDWRIWKH
6DQ)UDQFLVFR(DUWKTXDNHEarthquake Spectra,9ROSS6
>@.RUNPD].$(DUWKTXDNHGLVDVWHUULVNDVVHVVPHQWDQGHYDOXDWLRQIRU7XUNH\Environmental Geology,9RO1RSS
>@/LHO$%DQG'HLHUOHLQ**&RVW%HQHILW(YDOXDWLRQRI6HLVPLF5LVN0LWLJDWLRQ$OWHUQDWLYHVIRU2OGHU&RQFUHWH)UDPH
%XLOGLQJVEarthquake Spectra,9RO1RSS
>@1XWL&DQG9DQ]L,7RUHWURILWRUQRWWRUHWURILW"Engineering Structures,9RO1RSS
>@3HWHUVRQ-DQG6PDOO0-0HWKRGRORJ\IRUEHQHILW±FRVWDQDO\VLVRIVHLVPLFFRGHVNatural Hazards,9RO1RSS
>@3UDWHU&6DQG/LQGHOO0.3ROLWLFVRIKD]DUGPLWLJDWLRQNatural Hazards Review,9RO1RSS
>@5HLQ$DQG&RURWLV5%$QRYHUYLHZDSSURDFKWRVHLVPLFDZDUHQHVVIRUD³TXLHVFHQW´UHJLRQNatural Hazards,9RO1R
SS
>@5HPR-:DQG3LQWHU1+D]XV0+HDUWKTXDNHPRGHOLQJLQWKHFHQWUDO86$Natural Hazards,9RO1RSS
542   Hsi-Hsien Wei et al. /  Procedia Engineering  85 ( 2014 )  536 – 542 
>@6FKPLGWOHLQ0&6KDIHU-0%HUU\0DQG&XWWHU6/0RGHOHGHDUWKTXDNHORVVHVDQGVRFLDOYXOQHUDELOLW\LQ&KDUOHVWRQ6RXWK
&DUROLQDApplied Geography,9RO1RSS
>@6P\WK$:$OWD\*'HRGDWLV*(UGLN0)UDQFR**XONDQ3.XQUHXWKHU+/XV+0HWH(DQG6HHEHU1
3UREDELOLVWLFEHQHILWFRVWDQDO\VLVIRUHDUWKTXDNHGDPDJHPLWLJDWLRQ(YDOXDWLQJPHDVXUHVIRUDSDUWPHQWKRXVHVLQ7XUNH\Earthquake 
Spectra,9RO1RSS
>@6SHQFH5-66FDZWKRUQ&DQG6R(+XPDQ&DVXDOWLHVLQ(DUWKTXDNHV3URJUHVVLQ0RGHOOLQJDQG0LWLJDWLRQ6SULQJHU
/RQGRQ
>@7DQWDOD0:1RUGHQVRQ*-'HRGDWLV*DQG-DFRE.(DUWKTXDNHORVVHVWLPDWLRQIRUWKH1HZ<RUN&LW\PHWURSROLWDQ
UHJLRQSoil Dynamics and Earthquake Engineering,9RO1RSS
>@9DOFiUFHO-$0RUD0*&DUGRQD2'3XMDGHV/*%DUEDW$+DQG%HUQDO*$0HWKRGRORJ\DQGDSSOLFDWLRQVIRUWKH
EHQHILWFRVWDQDO\VLVRIWKHVHLVPLFULVNUHGXFWLRQLQEXLOGLQJSRUWIROLRVDWEURDGVFDOHNatural Hazards,9RO1RSS
>@<HK&+/RK&+DQG7VDL.&2YHUYLHZRI7DLZDQHDUWKTXDNHORVVHVWLPDWLRQV\VWHPNatural Hazards,9RO1RSS

>@=KDQJ+;LQJ)DQG/LX-5HKDELOLWDWLRQGHFLVLRQƮPDNLQJIRUEXLOGLQJVLQWKH:HQFKXDQDUHDConstruction Management and 
Economics,9RO1RSS

